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PBE FACE. 



Havino, from a considerable experience in teaching, found the value to ourselves 
of such a set of worked questions as those now published, we may not unreason- 
ably assume that the series may prove acceptable to others, whether masters 
engaged in tuition or students endeavouring to qualify for any examination into 
which a knowledge of plane geometry enters. 

But few words of preCeuse can be needed, as the figures are in the main 
sufficiently self-illustrative : we may, however, point out the way in which we 
believe the most good may be derived from our labours. The questions should 
be taken in the order we give them, and should then be accurately worked out 
without referring to our figures in any way. The student should first read the 
question through carefally, so as to comprehend what is really required, or he 
may find after he has spent a considerable time in drawing a heptagon that it 
was an octagon after all that was required, or the triangle that he has put within 
a circle should really have been described about it. It is often a considerable 
help to sketch out on a piece of waste paper what is needed before proceed- 
ing to the actual working out. When the question taken has been as fairly 
met as the geometrical knowledge of the student will allow, the figures in our 
illustrations may then be turned to, and a single glance will often suffice to show 
whether the solution is a correct one or not. At first, no limit of time need be 
imposed, but as the student progresses the question of time becomes important. 
In an examination, the paper will ordinarily contain some seven or eight 
questions, and the time allowed for these will be two hours, or perhaps two 
hours and a half; it will be well therefore to take some such proportion of work 
and time and see how nearly a fair e?c.iinination standard is reached. 

When the student is weak in any special point, say, for example, equivalent 
areas, the construction of scales, or the accurate placing of figures within each 
other, he vrill of course devote himself more especially to problems that bear on 
the particular matter in question. Such problems may readily be picked out : 
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it was our first idea thus to classify the questions, but on more mature con- 
sideration it seemed preferable to present them in the way that the student will 
encounter them in any examination. 

It will be noted that we have firom time to time added some few comments 
after the questions where a few words of explanation may prove helpful, but we 
have not pretended to go really through all the various stages necessary in 
working any of the problems out, as a &ir knowledge of geometry is assumed to 
be already possessed by anyone using our series. For this same reason we do 
not always show all the steps in the working, though in an examination these 
should always be given, the actual result required being put in with somewhat 
stronger lines than those that have led up to it; or all merely constructive lines 
may be dotted and the results marked in solid lines. 

Many standard works might here be named for the guidance of the student 
in the preparation for examination work, but we should ourselves give the palm 
to Bawle's 'plane geometry.' This work gives every useful problem, and 
excludes all merely &ncy things that have no practical value, and only encroach 
on the valuable time of anyone preparing for an examination. The book is very 
portable, it can therefore become a pocket companion, and the price is almost 
absurdly low. This handbook is very extensively used in all schools of art, and 
as we have for years largely used it in our own classes and commended it to all 
our students, we may, we trust, be excused if we here, in a work intended to be 
of practical value and aid to all needing such assistance, refer our readers 
to it. 

Almost all examination papers in geometrical drawing have some such head- 
ing as the following : ^ The constructions should be neat and accurate, and 
should be inked in either with common or Indian ink, but candidates are 
recommended to defer inking until they have done all they can in pencil. The 
solutions must be strictly geometrical, and particular care should be taken not 
to efiace the necessary lines of construction.' 

The candidate will find it a great advantage to use Indian ink, as it dries so 
much more rapidly than common ink, and he will thus be spared the annoyance 
of wasting valuable time in the inking in. It must, however, be remembered 
that pencil work can always be corrected if found feulty, but lines once inked 
in must stand. 

Valuable time too may be saved by a careful perusal of the paper when it 
is first received, and the questions noted that are to be first attempted. A 
student, for example, finds that he is quite equal to questions 1, 3, 4, and 6 
of his paper, and he ?rill therefore begin with these, reserving as much time as 
he can afterwards spare for those that do not seem so clear to him. This is far 
preferable to taking the questions seriatim^ losing much time at each difficulty, 
with the ultimate result that the difficulties possibly may not after all have been 
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surmounted, while they have effectually prevented the student from doing in 
other questions what was fully in his power. 

We need scarcely remind our readers that the problems may often be 
worked in more than one way. Fig. 102 is an illustration of this, as we have 
there adopted three different methods of working it out. Diversities of con- 
struction should, however, all lead to identity of result. 

Many problems, and more especially those dealing with proportionals, areas 
of surCeM^es, and scales, can be worked out arithmetically ; we have not in the 
present case adopted this method, as it appeared desirable to keep the work as 
distinctly geometrical as possible, but geometrical results may often very readily 
be confirmed and proved by the use in addition of an arithmetical solution. 

We should have been glad to have given specimen examination papers and 
to have worked out the problems on them consecutively, but we soon found 
practically that there would have been of necessity a large increase to the 
number of our plates of illustrations, and we were therefore obliged to select 
our problems with a view to filling our sheets as well as possible. As all the 
problems given may very advantageously be worked through by anyone going 
in for an examination, we have not added to each problem, as was our first 
idea, the source from whence it was derived, fearing that if we did so the can- 
didate for any special examination would content himself with selecting those 
that had been set by the particular examining body before whom he would have 
to appear. 

A little ingenuity on the part of master or student will readily enable them 
to modify many of the questions, and so derive additional practice from their 
working ; thus, in Fig. 7, for instance, another figure might be placed in the 
square, or the figure A B C D might itself be resolved into a square, and the 
difference of area between that and the square itself worked out, or the portions 
of the trapezium that are external to the square might be combined into one 
figure, and its area found. Many other variations will suggest themselves on a 
slight consideration of the question. 

Problems in all these examinations are given not only to test geometrical 
knowledge, but also neatness of working and a knowledge of the use of instru- 
ments. We have in another of our books, ^ Mathematical Drawing Instruments, 
and how to use them,' given full instructions in the use of the ruling-pen, 
proportional compasses, protractor, sector, and the other implements, together 
with chapters on the construction of scales, the diagonal scale, marquoise scale, 
the representative fraction, &c. ; and to this we would refer our readers rather 
than here repeat in any way what we have elsewhere written. 

We can only hope, in conclusion, that a diligent use and study of our labours 
will be found to have gone far towards depriving the examination paper of its 
terrors when the testing day arrives. 

F. E. H. 
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NoTX. — Onr figures are not drawn to the full size of the measurements given in the different 
questions ; it will therefore be necessary for the student to re-draw each figure to the full 
scale. By this means a merely blind copjing of the diagrams is prevented. 



1. Draw a circle with a radius of 1*6 inch. Take a point 4-7 inches from the 

centre. From this point draw two tangents to the circle. Draw another circle 

touching each of the tangents and (externally) the first circle. 

The order of the lettering will be a sufficient guide to the various steps in the 
working of the prohlem, as it is understood that anyone attempting these questions 
will already have a groundwork of geometrical knowledge, and wiU need no 
instruction as to the geometrical way of drawing a tangent, placing a circle in a 
triangle, and so forth. 

2. Divide a right line 2^ inches long into four parts, in such a manner that 
the second shall be twice the length of the first, the third three times the length, 
and the fourth four times the length. Draw four circles having their centres 
in the line, and these four parts as their respective diameters. 

3. Draw a straight line 6 inches long, and mark a point an inch perpendicularly 
below its centre : draw the arc of a circle to pass through this point and the 
extremities of the line. 

4. Divide a line 3*27 inches long into nine equal parts. 

The paper from which this question was taken was a particularly easy one. 
Another of its questions was : Draw 9 parallel lines at ^ inch apart, and 9 others 
at right angles to these, and at the same distance apart. We insert the present 
question because, in the first place, if we only picked out the hard questions, a 
fidse impression of the standard required in any given examination would be 
created, and, in the next place, it in some degree conveys the warning that candidates 
should not overlook elementary questions, and hasten on without laying a good 
foundation. 

6. Draw A B 4^ inches long. Through A draw A C 2^ inches long, making 
angle CAB (by construction 76*"). At B draw (by construction) B D (on the 

B 
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opposite side of A B and A C) perpendicular to A B and 1^ inch long. Join G D 
and divide it by constmction into five equal parts. 

6. Draw nine circles of *52 inqh radius in three rows, their centres being in 

lines parallel to each other at 1'12 inch apart. 

In almost every examinatian paper, as we have already remarked in oar intro- 
duction, one or more questions of this type will be found ; questions that have no 
real geometrical difficulty, but requiring a considerable amount of neatness and care 
in the working out. In the present example, for instance, the eye of the student 
-—or of the examiner — will readily detect any unevenness of distance between the 
circles if the centres be not accurately set out, to begin with. 

7. A trapezium has two sides, each 1*5 inch long, and the enclosed angle is 
80^ The other two sides are each 2*4 inches long. In this trapezium inscribe a 
square. 

8. Draw two circles with radii of I inch and l^ inch respectively, to touch 
each other externally, and the arc of a third circle of 3^ inches radius, to be 
touched internally by each of the other circles. 

Points A and B must be placed 2^ inches apart. A radius from B of 2 inches, and 
from A of 2^ inches, will give point D at the intersection of the arcs, the centre of 
the required third drde. 

9. Draw a triangle having one of its angles 52% and the two sides containing 

it 1*8 inch and 2*6 inches. Find the centres of the inscribed and circimiscribing 

circles. 

In the figure BAG is the required triangle. A B is 1*8 inch long, and A 

2*6 inches long. D is the centre of the inscribed drde ; E, the centre of the cir- 
cumscribing drde. 

ID. Construct a triangle having one side 3 inches long, angles adjacent to 
that side being 30^ and 45% and within it inscribe a square and about it describe a 
circle. In this circle inscribe a pentagon, one of its angles touching the circum- 
ference at the same point as one of the extremities of the longest side of the 
triangle. 

I K equal 3 inches, J I K 30^, I K J 45°. Q, centre of required drde. 

11. On a line AB 1*7 inch long as base construct a regular octagon. On 

line A B as base draw within the octagon an equilateral triangle. Draw lines 

from all the angles of the octagon to the apex, and in each of the eight resulting 

triangles place a circle. 

A question emphasising the useful problem of the insertion of a cirde in any 
triangle, one triangle in the question being equilateral, one isosceles, and the rest 
various forms of scalene triangles. It is also a very good problem for testing 
neatness of work, as there are eight drdes each in contact in three points with 
straight lines, a total of 24 distinct tests of accuracy of drawing. 

12. In a scale 10 furlongs are represented by 2J inches. Draw the scale, 
measure 2 miles 2 furlongs by it, and give the representative fraction. 

The representative fraction gives the proportion between the measurements of 
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tlie scales and the real size. Both dimensions given must be brought to the 
same denomination : thus the scale of an inch to a foot would be a scale of -^^ 
because 1 inch represents 12 inches. Two inches and a quarter are equal to 9 
quarter inches ; it becomes then necessary to know how many quarter inches there 
are in 10 furlongs. It will be seen that this is 316,800 ; the proportion, then, 
between the mile or the furlong in our scale and a real mile or furlong, is as 9 is 
to 316,800, or ^^j^. 

13. Draw a rectangle 2*2 inches long and '9 inch wide. Divide it, by 
lines parallel to the shorter sides, into five rectangles, in such a way that the 
first two shall be as large as each other, and each of the others as wide again as 
the one it succeeds. 

14. Within a circle of 4^ inches diameter place five circles equal to and 
touching each other and the periphery of the larger circle. 

15. In a circle of 4^ inches diameter, place qiiatrefoils of semicircles aa shown 
in the small figure A. 

1 6. Construct a right line polygon of seven sides from the following conditions : 
AB=l-5 inch, BC=l-8 inch, CD=2-1 inches, DE=2-4 inches, EF=2-28 
inches. FG to be made equal GA. Angle GAB=12(f, ABC = 130% BCD 
= 140% C D E = 1 30^ D E F = 1 20^ Eeduce this figure to a triangle having its 
vertex in E and its base in G A produced. 

The only difficulty that is likely to arise in setting out the polygon is the finding 
of point G. When points A and F are known, a line may be drawn from one to 
the other ; this line must be bisected, and a perpendicular erected until it outs a 
line drawn indefinitely from A, and making with A B an angle of 120^. The 
intersection of these two lines gives point G. To reduce the figure to a triangle 
the lines should be drawn in order as numbered. It will be observed as the work 
proceeds that A B C D E H would give a hexagon of equal area to the original 
heptagon; CDEHJ an equivalent pentagon; DEHK a trapezium; while 
H L E is the required triangle. 

17. Draw a triangle, having sides 2 inches, 2^ inches, and 2f inches long, and 
state the value of its three angles. 

LM, MN, and NL the required sides. MLN=75S LMN=59^ and 
L N M=:46^ the values of the angles. 

18. Describe a circle of 1 inch radius. Divide the circumference into sixteen 

equal parts, and draw radii firom the points of division, stopping them at a circle 

of *2 inch radius on the same centre. 

A question of no difficulty geometrically, but calling for a good deal of care and 
neatness in the setting out of the divisions. When a circle has to be divided into 
a nimiber of equal parts, it is ordinarily the best plan to bisect and re-bisect until 
the required number is obtained ; thus, in the present case we start with a dia- 
meter A B and work in this way from it, as shown by the intersecting arcs sur- 
rounding the circle. Practically the set-square of 45^ would give us eight of the 
sixteen points required ; but where, as in an examination paper, the geometric 
method of finding the points is called for, this use of the set-square is not ad- 
missible. 

b2^ 
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1 9. Draw A B 37 feet long. From A draw (on the same side of A B) A C, 
AD, making the angles B AC, BAD, 56° and 115** respectively. Make AD 
46 feet long. From B draw a perpendicular to A B, cutting A C in C. Join 
C D. Write down lengths of B C and C D in feet, and the magnitude of the 
angles B C D, A D C. Scale 15 feet to the inch. Assume any two points, P, 
outside A D, and from each of them draw lines making angles of 63° with 
AD. 

lane B A is $6 feet long ; Una D,59 feet; angle B D is 75°, and A D 79^ 
The scsde may actually be eonstructed, but on almost all scales supplied with boxes 
of instruments one of 30 divisions to the inch will be found. The measure- 
ments can be taken directly from this and then doubled, or twice the given 
distances of the question — Le. 74 for 37, and 92 for 46 — at once taken and applied 
to the lines. 

20. Construct an irregular polygon from the given dimensions, and reduce it 
to a square of equal area. A B 2^ inches, B C 2 inches, A D 3^ inches, A E and 
D E each 2^ inches. Angle B A C 27°, D A C 25°. 

It is ordinarily a good plan, when a figure has to be coubtructed from a series of 
dimensions, to, first of all, make a rough sketch, so as to get an idea of the relation- 
ship of the lines to each other, and to determine the best order in which to take them. 
In the present case first draw A B, then from B as centre draw an arc indefinitely 
with a radius of 2 inches ; then draw angle BAG, and where line A C cut« the 
arc it gives the required point. Next draw line A D, making it the required 
length, and at the required angle with A 0. The remaining point E is found by 
drawing from points A and D arcs 2^ inches in radius until they out. The arcs are 
not shown in our figure, only the lines actually necessary in the working of the 
problem being retained. 

A B C D E is the pentagon. This is first resolved into a triangle D F G. By 
constructing on its base F G a rectangle F G H I of half its altitude another 
equivalent figure is produced, and this is readily resolved into the required 
square G L K J. 

21. About a circle of 1 inch diameter, place four others equal to each other, 
and each touching two others and the given circle. 

To find centres of the larger circles draw two diameters of the smaller circle at 
right angles to each other, and two others bisecting these; produce all these lines 
to some distance beyond the circumference of the small circle. A D will then 
bisect BAG. Dmw line E F tangential to the circle and at right angles to A D. 
Bisect angle B E F, cutting A D in G, the centre of one of the larger circles. A 
circle passing through point G, and having A as its centre, will at once give the 
remaining points H IJ. 

22. Draw a circle having a diameter of 4^ inches. In this inscribe an 
octagon, and in the octagon a square. State the length of one side of each of 
these. 

Having taken a radius of 2^ inches and drawn the circle, draw the diameters A B 
and G D perpendicular to each other. Bisect the angles made by the intersection 
of these lines to obtain the remaining points, E, F, G, H, of the octagon. Join any 
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four alternate points to get the square. A E is 1 '64 inches long and E F is 3'3 inches 
long. Note that when any polygon is I'equired, it is always understood that a regular 
polygon is meant unless direct mention be made to the contrary, and that the 
largest possible figure is also always understood when it is required to place one 
figure within another. 

23. From the extremities of AB, 3*3 inches long, and on opposite sides of it, 
draw lines AC, BD 2^ inches and 1^ inch long respectively, making the angles 
CAB, DBA 113° and 81° respectively. Join CD, give its length in inches and 
tenths, and divide it, by construction, into five equal parts. 

line CD is 5*5 inches long. 

24. Construct the figure of which the small diagram at A on your paper 
gives the dimensions and approximate form. Reduce the figure to a triangle 
having C for its vertex and AE, produced, as its base. Measure and write 
down the length of the base of the triangle and of the perpendicular let fall 
from C upon it. Scale, 30 feet to the inch. 

The base of the triangle is 125 feet long, the perpendicular CH D2 feet. Few 
questions recur more regularly in the examination papers than those wherein any 
irregular figure, and ordinarily a five-sided one, has to be resolved into a triangle. 
The problem, when its working is once understood, presents no difficulty. Our 
readers should, for the sake of practice, draw other figures and take various points 
as the apices of the desired triangles. In the present case A E produced might be 
the base, and B or D the vertex. The triangles, though equal in area, would not 
be similar in form ; but by resolving each into an equilateral triangle a ready 
means of testing the accuracy of the work is afforded, as the results should then be 
identical. 

25. Within a hexagon of 2^ inches side draw a hexafoil of semicircles, to 
which the sides of the hexagon shall be tangents. On the diameter of each 
semicircle as a diagonal construct a square. 

26. Construct a square on a side of 4 inches. In this square inscribe a 
circle, and in this circle inscribe three equal circles. 

27. Draw three equilateral triangles having their sides respectively in the 
ratios of 2, 3, and 5, the least being 1 inch in length. 

Take the first base as two half-inches, the second as three half-inches, and the 
third equal to these two together, or five half-inches. 

28. Dn^w an equilateral triangle having its perimeter 7*5 inches, and divide 
it into four equal and equilateral triangles. 

29. On the same side of a straight line draw two circles with radii of 1 inch 
and 2 inches respectively, to touch the straight line in two points 3^ inches apart. 
Describe a third circle with a radius of ^ inch to touch each of the other circles. 

It is, we have found by experience, a very common failing with students to 
confuse, through mei*e carelessness, the terms radius and diameter, and to give, 
therefore, a circle either half or double the radius the question requires. A little 
care in reading the question would effectually prevent this common fault. 
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of a scale of five-eighths of an inch to the foot, what length in feet and inches 
does it represent ? 

Ans. 6 feet 5 inches. 

44. Draw a sector of a circle, radius 2 inches, including an angle of 110^. 
Draw a circle within it. 

45. In a scale | inch represents 5 furlongs. Draw the scale, measure 2 miles 
3 furlongs by it, and give the representative fraction. 

A B is the required length. To get the representative fraction we must find how 
many quarter inches there are in five furlongs, viz. 158,400. One space, therefore, 
of three-quarters of an inch is the equivalent of 158,400 quarter inches, %.e. tWWtt 

46. Draw a square of 4 inches side with its two diagonals, and inscribe a circle 
in each of the four right-angled triangles. Add to this construction four circles 
filling up the angles, each circle touching two of the former, and two sides of 
the square. Add the two circles passing through the centres of the two sets of 
circles already drawn. 

47. Upon a straight line A B 3*50 inches long, and upon the same side of it, 
describe two segments of circles containing respectively 145° and 65°. Draw an 
angle in each segment. 

Set off required angle, as 65^, CAB, from point A in A B, and draw line A D 
perpendicular to A 0, and where it intersects at E the line bisecting A B it gives 
the centre of the required arc lines drawn firom A and B to any point in the 
curve, as H, will give the required angle. The angle of 145^ is got in the same 
way : G is the centre of the required arc. 

48. At point A in a line A B draw three lines making angles of 33°, 79°, 
and 113° respectively with AB. In each angle inscribe a circle of 1^ inch 
diameter. 

49. Draw two lines, A B and A G, each 4 inches long and making an angle of 
32° at A. Find a point D on either of the lines 2 J inches from A. Draw a 
circle tangential to the given lines and touching one of them in D, and frt>m 
the same centre two other circles of '6 inch and '27 inch radius respectively. 

50. Draw three equal circles in contact with each other and inscribed in a 
circle of 1*5 inch radius. Gircumscribe the outer circle by an eqrdlateral tri- 
angle, the sides touching the circle in the points of contact with it of the in- 
scribed circles. Gircumscribe this triangle again by a regular hexagon, its 
alternate angles coinciding with those of the triangle. In each of the three 
resulting isosceles triangles lying outside the equilateral triangle place a square 
having one of its sides resting on the longer side. 

51. A torpedo is fixed at a distance of 5 feet from the bottom of the sea, 
and 30 feet measured in a horizontal direction from a point A in a vessel, which 
point is 3 feet below the surface of the water. The depth of the water at low 
tide is 20 feet and the tide rises and falls 12 feet. Find by construction, and 
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write down, the actual distances from the torpedo to the point A at high and at 
low tide. The figure to be drawn to a scale of ten feet to the inch. 

The distances are 38 feet 6 inches at high water, and 32 feet 6 inches at low water. 

62. Draw a rhombus having a side of 2 inches and an angle of 60° given. In 
this place a square having its angles resting on the sides of the rhombus. On 
each side of this square draw another as large as the bounding lines of the rhom- 
bus wiU permit. 

53. Draw a regular octagon having a perimeter of 13^ inches, and within 
this place a second having its angles touching the centre of each side of the first. 
Give the length of one side of each octagon. 

Each side of the larger octagon is If inch in length, and of the smaller 1*52 inch. 

54. If a map of South America be drawn to a scale of 180 miles to the inch 

what is the representative fraction ? Draw the scale. 

If an inch be divided into 18 parts each of these will represent 10 miles, and the 
use of the first 10 of these will give the unit of the scale, i,e. 100 miles. The 
representative fraction is tt 404B0 > ^® number of inches in 180 miles. 

55. Draw a straight line A B 4*8 inches long, and from its extremities A and 
B, without producing it, erect perpendiculars A D and B C, each equal 3*2 inches. 
Join G D and divide the parallelogram so formed into six equal squares. In each 
square inscribe a circle. 

56. Construct the segment and sector of a circle, each having the same 
chord, 3*4 inches, and the same radius, 2*3 inches. Measure and write down the 
magnitude of the angle in the segment. 

The angle I K L in the segment is 132^. 

57. Determine by construction a third proportional to two given lines, 2^ 
inches and 2| inches long, and greater than either of them. Find a fourth pro- 
portional to the three lines. 

A is 2^ inches and A B is 2^ inches. A G is the required third proportional 
greater. In the other figure A H is the required fourth proportional. 

58. Draw a square of 2^ inches side, and in it place four equal semicircles, 
their diameters adjacent and each curve touching one side of the given square, and 
four equal semicircles also having their diameters adjacent but each curve touch- 
ing two sides of the square. 

59. On a chord 2*6 inches long describe the segment of a circle to contain an 
angle of 128^. Measure and write down the length of the radius of the circle, 
and the size of the angle of the sector having the same chord as the segment. 

The radius is 1'64 inch. The angle of sector is 104**. 

60. Draw A B 220 yards long ; in it take a point P, making A P 95 yards. 
From P draw four lines on the same side of A B, viz., P C, P D, P E, P F, 50, 
80, 110, and 70 yards long respectively, the angles at P being all equal. Join 
A C D E F B and reduce the irregular figure thus formed into a triangle of equal 
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area, having £ for iU vertex and A B, produced, for its base. Measure the sides 
(in yards) and the angles of this triangle and write them down. 

EH is 119 yards long, H J 182 yards, and J E 167 yards. Angle H A E is 39% 
A EH is 78% and E H A is 63^ 

61* A line A B is 2*7 inches long. At A a line A G 1 inch long makes an angle 
of 110° with A B. At B a line B D 2 inches long makes an angle of 130° with 
A B. From C with a radius of 2^ inches, and from D with a radius of 2f inches 
draw arcs cutting in K Beduce this figure to a triangle of equal area and having 
one of its angles 90°. 

62. Upon a base B C 2 inches long describe a triangle ABC havingthe side 

A C 1'75 inch, and the angle ABC 55^. Upon A B construct a square A B E F, 

and on AG a square AG6H. Join FH and reduce the wholefigureFEBGGH 
to a triangle of equal area. 

63. Gonstruct a triangle A B G, of which the base A B equals 2*45 inches. 
The angle B A G is 48° and the angle A G B is 59°. To a line D E 1*35 inch 
long apply a parallelogram which shall be equal to the triangle A B G and have 
one of its angles 100°. 

Prodnce A B, making B H equal D K Prodnoe A F. Draw a line from H 
throngh G to cat line A F in F. F I is the altitude of the required parallelogram. 
Gonstmct it in the first place as a rectangle D E J K, and then throw it into the 
required figure D E L M. 

64. Draw six equal circles each touching those adjacent to it, and so placed 
that the centres will all be found on the bounding lines of an equilateral triangle 
of 2^ inches side. 

65. Draw a regular hexagon having a perimeter of 9 inches, and within it 
draw a second having its sides equidistant from, and parallel to, the first, but 
forming a figure of only half the area of the outer hexagon. 

66. Draw a plain scale of feet and inches (long enough to measure 4 feet) 
in which 1 foot 2 inches is represented by 1*45 inch. 

Set off a portion A B 1*45 inch long, and divide it into 14 parts ; these will 
represent inches. Set off spaces equal to 1 2 of these for each foot in length required. 

67. Draw a straight line AB 2 inches long. AtB set off an angle A B G 
equal 120°, and makeBG equal 1-2 inch. Describe a circle that shall pass 
through the three points ABC. Assume any point outside the circle and draw 
a tangent to it. 

68. Construct an isosceles triangle of which the base measures 2*35 inches 
and the angle subtending the base is 41°. Measure and write down the length 
of the sides and divide one of them into nine equal parts. 

The sides A F, F B are each 3*33 inches long. 

69. Construct an isosceles triangle having a vertical angle of 30° and two sides 
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of 3 inches, and place in it the largest possible circle. State what the radius of 
this circle is. 

The radius of the circle is '58 inch. 

70. Gonstmct a diagonal scale to measure feet, inches, and eighths of an inch, 
to a scale of } of a foot to an inch. 

71. Draw a circle of 2 inches diameter ; shew a geometrical means of finding 
the centre, and from B, a point 3 inches from the centre, draw a tangent. Letter 
the point of contact C, and divide B C into three equal parts in D and £. On 
D E, one of these parts, construct a regular pentagon. 

72. Copy exactly the figure represented at A, using a radius of 1 inch for the 
central circle. 

A question of this kind, simple as it is, yet requires a certain amoimt of care in 
the use of the instruments, as a very little inaccuracy iu the working would very 
readily be detected. 

73. Draw an ellipse, of which the major and minor axes measure 4^ inches 
and 2^ inches respectively ; at least 20 points, not including the extremities 
of the axes, must be determined. 

74. Place the accompanying figure A in a circle of 3 inches radius. 

75. If a distance of 17 miles in a map be represented by a line 2*37 inches 
long, mark off on your scale a distance of 39 miles. 

76. Draw a circle of 5 inches diameter. In it place the largest possible 
octagon ; in the octagon the largest possible square ; in the square the largest 
possible circle ; and in the circle the largest possible equilateral triangle. 

77. If a map of Europe be drawn to a scale of 80 miles to the inch, what is 
the representative firaction ? Draw a line 330 miles long by this scale. 

There are 63,360 inches in a mile. Eighty times this is 5,068,800 ; the repre- 
sentative fraction then is ^(rrivTnr* ^^ space A B in the figure is 1 inch ; this 
is divided into eight parts each the equivalent of 10 miles, the required 80. 

78. Draw a square and a circle, each of 4*5 inches area. 

A B C D is a parallelogram of the required area and B F H R the required square 
derived from it. To obtain the circle draw triangle UK, and from K as centre, 
with K L as radius, draw a circle. Divide L M into any number of equal parts, as 
9. Produce L J to N, making it equal to 18 of those parts and join N K. L E N 
is then (approximately) equal in area to half the circle drawn. Find mean pro- 
portional L O between L J and L N, and draw O P parallel to N K. Pis the centre 
and P L the radius of the required circle. 

79. Draw a line 3| inches long, and construct a triangle having sides ^, |, 
and I the length of this line. Place in this triangle the three largest possible 
circles. 

80. About three equal circles of 1 inch radius each and touching each 
other. Construct an equilateral triangle of which each side shall touch two 
circles. 
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81. Draw a series of circles, diameters I inch, 1-25 inck, 1*5 inch, and 1*75 
inch, tonching each other successively, and aU touching a given straight line. 

Hiiving drawn the fiist drde draw beyond it a line parallel to the given straight 
line at a distanffi from this line equal to the radius of the second circie, and cat 
it by an are drawn from the centre of the first circle with a radins equal to the 
amn of the radii of the two cirdes. Proceed in like mannfr for the third and fimrth 



82. Draw a circle with a radius of f inch. Inscribe and circumscribe this 
circle with two equilateral triangles having their sides parallel to each other. 
8S. Construct angles of 15% 30% 6(f , and 135^ without using the protracts. 

The <mly figure that calls for any comment is the last. To obtain the ai^gie an 
arc of any radiua ia first atmck, and with thia radiua a point is cot off on Uie arc 
from the stiai^t Une given : this woold give an angle of 60°. From this point 
again with the same radios cut off a aeoond point, and this will give 120^ Bisect 
tills and it win give 90^. Bisect the interval between 90® and 120°, and 105"* is 
the raanlt : two spaces of 15** each. Measure with the compaases one of these spaces 
and add it <m beyond the 120% and the result will be 1^5^ 

84. Slow how to find the centre, foci, and diam^ers of a given ellipee, and 
to draw a tangent at any point. Give the lengths of the two diameters. 

PQ ia 4 inches long, and RS 2^7 inches long. Varioua methods of oonstmeting 
gflipflea will be found in the text-books. The student in view of an examination 
ahoold make himaplf afqwaint<ed with theae. 

85. Draw a regular hexagon of 1^ inch side, and within it place six equal 
circles, each touching two others and two sides of the polygon. 

86. Gonftnict a square to contain an area of 4*84 square inches, and to a line 

2*6 inches long apply a parallelogram of equal area with the square and having 

one of its angles 65% 

The rectangle A B C D is 4*84 inches by 1 indi, bat it will be readily seen that 
any foctor <^ 4*84, as 2-42 inches by 2 inches, may be taken. The more nearly 
equal they are the more compact will be the figore. 

87. The accompanying diagram gives the dimensions, ^c, of an irregular 
figure ABCDEFG. Draw the figure to a scale of 20 feet to the inch. 
Measure and write down the length (in feet) of E F, and the magnitude of the 
angles GAC and CD £. 

line E F equal 58 feet. Angle G A C is 75'', and C D E 94^ 

88. Draw the given figure full sixe from the dimensions given in the accom- 
panying diagram. 

89. Construct a square having an area of 1 inoh^ and a second square in the 
proportion as three is to one of the first. Place the small square within the 
large one so that its sides are piarallel to and equidistant from iU 

90. The base A B of a right-angled triangle is 3-6 inches long, and the per- 
pendicular drawn frx>m the right angle at A to the hypotenuse is 2 inches. 
Construct the triangle. 
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From A draw an arc with a radios of 2 inches : the hypotenuse of the triangle 
must be tangential to this. Find the required point C by taking D as centre and 
D A as radius ; the intersection of the two arcs will give the point. A C is 2 ' 
inches long, springs from A, and is at right angles to the hypotenuse. 

91. Two points, A and B, are 2 inches apart. From each of them draw lines 
2^ inches long, intersecting each other at right angles. 

92. In a circle of 2^ inches radius inscribe a regular pentagon. Construct 
an equilateral triangle of equal area with the pentagon. 

To show all the working out here weuld have taken up too much space ; we have 
therefore merely given the result. H IJ is the required equilateral triangle. 

93. Construct a regular hexagon on a line A B ^ of an inch long as one of 
its sides. On each side of this hexagon construct another similar to it. 

94. On a chord 2*4 inches long describe the segment of a circle to contain 
an angle of 54^ With a radius of 1*15 inch inscribe a circle to touch the 
chord and the arc of the segment. 

95. With a radius of 1*25 inch describe a circle, and from a point P, dis- 
tant 2*75 inches from the centre, draw a straight line P B C to cut the circle so 
that B C may be equal to 2 inches. 

Take any point G in the circumference, draw a chord G H equal 2 inches, and 
produce it indefinitely. From A as centre and A P radius describe arc, cutting 
G H produced in K. From P with radius K H cut circle in C. Join P C and 
produce it to cut the circumference in B. B C is the required chord. 

96. In a hexagon having a perimeter of 7^ inches place a square, each of its 
angles resting on a side of the hexagon. Divide this square into four smaller 
ones, and in each place an equilateral triangle, the four apices to meet in one 
point. 

97. Be-draw the given geometrical figure twice the linear dimensions of the 
example. The distinction between fine and strong lines to be preserved. 

98. In a hexagon the distance firom angle A to D, the middle point of side 
B C (see fig. X), is 2^ inches. Draw the hexagon. 

Draw aline EF 2 1^ inches long. At F make angle E F G equal angle A D C, and 
angle F E G equal angle D A C. The intersection of the two lines gives point G. 
E G is a diagonal of the required hexagon. Bisect it in H and construct the figure. 

99. Describe a circle of 1*2 inch radius, and draw two tangents to the 
circle that shall meet at an angle of 60^. 

100. To construct an equilateral triangle to contain an area of 3 square 
inches. 

101. To construct a circle to contain an area of 3 square inches. - 

As a matter of convenience we have made the equilateral triangle and circle 
mentioned in the two last questions into two problems. The necessities of our 
space have also required us to reduce the sizes. The original question ran as 
follows : Construct a circle and equilateral triangle each to contain an area of 7 '5 
square inches. 
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102. Two lines, A B and G D, are drawn at an angle with each other, but do 
not meet in a point. Determine the angle without producing the lines. 

Three methods of working are shown. In the first a line E F drawn parallel to 
D and catting A B in E, would at E give the required angle. In the second a line 
G n is drawn perpendicularly to A B, and at H line H I is drawn at a right angle 
with G H : H I is the required angle. In the third figure the angles C K J and 
K J A are found, and the third angle is then readily calculated. 

103. Construct a square equal in area to the sum of the areas of three squares 
whose sides respectively are 1, 1*5, and 2 inches. 

104. Draw a straight line A B 4 inches long, and firom its extremities erect 
perpendiculars AC and BD, 2*5 inches and 1*8 inches long respectively. Find 
a point in A B equidistant from C and D. 

E is the required point, equidistant from C and D. 

105. Trisect a circle of 4 inches diameter, and trisect the segments so as to 
form a nonagon. Reduce the nonagon to a triangle of equal area. 

106. Construct a diagonal scale of 45 feet to the inch, by which single feet 

may be measured, and write down the representative fraction. 

The representative fraction is -g^, since 45 feet contain 540 inches : 1 inch, 
therefore, on the scale is the representative of 540 inches or 45 feet. 

107. About a circle of 2 inches diameter circumscribe a regular octagon. 

108. Draw a triangle having sides 2, 2^, and 3 inches long. Assume any 
point, and from this draw lines perpendicular to the sides. Draw lines from the 
points of contact so as to form an inner triangle, and mark the length of its sides 
in inches, tenths, and hundredths. 

109. Construct a pentagon with a perimeter of 10^ inches, and transform 
it into a square of equal area. 

The distance A B is equal to one-half the perimeter and B C is equal the altitude 
of the triangle D E F. 

110. To draw a circle, (1) to touch a given circle and a given straight line 
at a given point D. (2) To describe a circle passing through two given points 
A B, and tangential to a given straight line C D. (3) To describe a circle tan- 
gential to two intersecting lines and passing through a given point X lying 

between them. 

As all these three are examples of a class of question that is from time to 
time given in examinations, we have grouped them together. As these problems 
are not found in all text-books we may advantageously give the method of working 
for each. 

1. Draw an indefinite line D E through D and perpendicular to B C. From D 
with the radius of the given circle cut off D F and draw A F. Make angle F A H 
equal angle E F A. Point H, in line E F, is the centre of the required circle, and 
H D its radius. 

2. Draw a line through C D, producing it to cut C D in E. Bisect A B by line 
F G. Find the mean proportional E H between lines A E and B E, and from E 
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set off E I equal E H. Erect at I a perpendicular to C D cutting F G in J. J 
IB the required centre and J A or J B the radius of the circle sought. 

3. Bisect angle L M N. Take any point O in the line of bisection and drop a 
perpendicular O P from it to line N M. Erom O as centre, and O P radius, describe 
a circle and draw a line frt)m M through X cutting this circle in Q. Join O Q, 
and draw X K parallel to it, meeting M O in B. R is the required centre of the 
circle passing through X and tangential to the given intersecting lines. 

111. About a circle 1^ inch diameter, place a triangle, having two of its 
angles 30^ and 105^. On any side of the triangle as base construct a rhomboid 
equal in area to the triangle and having one of the angles of its base 80^. 

Angle FED is 106° and EFD 30^ 

112. Draw two concentric circles, having radii of 1 inch and 2 inches. In 
the space between these place seven circles at equal distances consecutively 
firom each other, having a radius of -^ inch, and their centre half-way between 
the two larger circles. 

As the special method for inscribing a heptagon in a circle is shorter than the 
general metiiod ordinarily employed for polygons and may not, perhaps, be known 
. to all our readers, we explain the method employed. Draw any radius A B, and 
from B as a centre with A B as radius draw au arc, cutting the circumference 
of the circle in and D. Join these by a line cutting A B in E. The distance 
E goes seven times round the circumference. 

113. Draw a scale of ^^lod to show furlongs. 

79,200 inches are 2,200 yards, or 10 furlongs. 1 inch, therefore, on the 'scale will 
represent ten furlongs. As it is, perhaps, open to question whether the scale 
should be brought to miles or not, we have in the upper scale made miles and 
furlongs the measurement represented, and in the lower scale have shown furlongs 
only. 

1 14. Draw a rhomboid of which the longer sides are 3 inches long and the 
shorter 2 inches, and the two acute angles each 50°. Describe an equilateral 
triangle equal in area to this. 

A B D is the required rhomboid ; E F G an isosceles triangle on an equal base 
and twice its altitude, and therefore equal to it. F K L the required equilateral 
triangle. 

115. Draw a circle of 2 inch radios, and in it place four equal circles touch- 
ing it and each other. 

116. In a circle of 5 inches diameter place an octagon. Divide this into 
isosceles triangles, and in each of these place a square having one angle in centre 
of each side of the octagon. 

117. A line A B is 2 inches long ; A C, 3 inches long, is at an angle of 35° 
with it, and B D, 3 inches long, is at an angle of 60° with A B. Join the ex- 
tremities and reduce the resulting trapezium to a square of equal area. 

118. Determine geometrically the side of a square of 8 inches area. Con- 
struct the square and inscribe in it a regular octagon. 
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119. About a rectangle 4 inches by 2 inches describe an ellipse. 

A B C D is the rectangle. As the method of patting an eQipse roond sodi 
a figure is not given in many of the books <m the sobject it wiH be advisable 
to go st^ by step through tbe working of the proUem. Drtw lines AC, 
B D, the diagonals of the paralldogram, and throng £, their point of inter- 
section, draw 2 diameters, pcododng the linea indefinitely beyond A BCD. 
From £, with any radios cot the prodooed long diameter in potnts F 1 and F 2, 
and draw lines from these points to any angle, as C, of the redan^e. At any 
convenient part of the paper draw a line FG equal in length to F 1 C and F2 C 
together, and bisect it. "With radius F H cat off from E points L and K. L K 
is the transverse diameter. From F 1 with E K as radios cat the line panning 
throng £, and perpendicolar to KL, in point MN. MNistheconjogatediameCer. 
Having obtained points K L M N the problem presents no farther difBcahy. 

120. Divide a line 5 inches long into seven equal parts, and describe seven 
equal circles having their centres in this line, and catting it at the points of 
division. 

121. A ship sails so that the som oS its distances fit»n two lighthouses is 
always 4,750 yards. The lighthooses are 4,000 yards apart. Trace the ship's 
course for not less than 3,000 yards, starting from a point 1,200 yards from one 
of the lighthouses. Scale ^^i^^ * 

The trade most necessarily be a portion of an eUipse to folfil the ocmditions laid 
down. Draw a line A B indefinitely and set off on it two points, C and D, 4,000 
yaids impart. Bisect the fine and draw E F. Divide the 4,750 yards in half, and 
with this radios, 2,375 yards, from and D as centres, find point G. Set off the 
distance C G from X, catting A B in points H I. These give the major axis of the 
ieqaireddHp6e,XGbeingthelialf of the minor axis. From D draw a drde having 
a ladios of 1,200 yards ; where this and the carve of the dlip» intersect is the re- 
qaiied starting point. Set off from this point L a distance of 3,000 yards on the 
carve of the ellipse. K L is the track reqaired. 

As 1 yard representsa distance of 36,000 yards, 1 inch wiU represent 1,000 yards, 
the 3Vth of this. 

122. In the straight line A B, 350 feet long, take points C and D, making 

A C and A D 95 feet and 230 feet long respectively. At C D erect^by construction 

and on opposite sides of AB) perpendicular CE, DF, 135 feet and 110 feet 

long respectively. Join A E, E F, F B, Measure and write down the lengths, 

in feet, of these lines and the siie of the angles A E F, E F B. Scale 60 feet 

to the inch. 

Line A E is 163 feet long. EF 280 feet FB 164 feet. Angle A £ F is 65'' 
andEFB76^ 

123. Construct an isosceles triangle with a base of 4^ inches, and a vertical 

angle of 65°. Construct a square of equal area to this triangle. 

A B C is the required triangle and A C H G a parallelogram equal in area to it. 
A IJ K is the reqaired square. We have not shown the process by whidi the 
square is derived from the oblong, as to have done so would have taken up more 
room than we ooald well ^lare, but the process should be well known to all who 
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are working oufc these problems, and it has ali'eady been given more than once in 
oar series. 

124. In a scale 6 inches represent 25 yards. Give the representative frae^ 
iion and draw the scale. Subdivide it into single yards and (by diagonal method) 
feet, and shew on it a distance of 13 yards 2 feet. 

The representative fraction is yl^, because the 6 inches represent 25 yards or 
900 inches : ^ = ^. 

125. A line MN 2 inches long represents 2 feet 4 inches. Extend the line 
to a distance of 5 feet 8 inches, and give the actual length of the extended line 
in inches, tenths, and hundredths. 

The extended line is 4*86 inches long. 

126. With centre C and radius C B 1*5 inch, describe a circle and set off an 
angle BGA of 45^ Make G A 2*75 inches long and describe a second circle 
touching the first in point B and passing through point A. 

The second drde is in our working out represented by an arc owing to want of 
space. 

127. With a centre G and radius of 2 inches describe a sector of a circle 

having the angle at C 60^. In the sector inscribe a square having two of its 

comers in the arc A B. 

This problem suggests another, the one figured by its side — the placing of a square 
with one angle only in the arc. 

128. Gonstruct an irregular figure, A C D E F Gr,. from the following dimen- 
sions : A G is 36 feet long. Find in it a point B 20 feet from A. B D is 14 feet 
long and at an angle of 28'' with A B. B E is . 10 feet long and angle D B E is Id''. 
B Fis 13 feet long and angle E B F is 21^ B G is 12 feet long and the angle 
C B G- is 58°. Join A D E F G C. Reduce this figure to a triangle having F for its 
vertex and its base in A C produced. Scale 7^ feet to the inch,. 

J F H is the required triangle, equal in area to the irregular six-sided figure, 
ACDEFG. 

129. Draw a sector of a circle with radius of Ig inch to contain an angle of 

86^ and draw two other circles having radii of *72 and '95 inch touching each other 

and the arc externally. 

K L M the required sector. R the length of the shorter radius. ]j N the 
length of the longer radius. P equal to the sum of both radii. 

130. Draw an isosceles triangle having a base of 1^ inch and an altitude of 
2 inches and place it in a square so that its apex shall be in one of the angles of 
the square and the remaining angles touching two of its sides. 

131. Draw a square of 2f inches side and in it place four equal circles each 
tooching two of the other circles and two sides of the square. 

132. Gonstruct an isosceles triangle having a base of 2 inches and a vertical 
angle of 37^ Obtain a similar triangle of half the area« 

C 
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133 Upon a straight line 3 inches long construct a square. Bisect the line, 
and upon one of the halves construct a second square inside the first one. 
Reduce the space by which the first square exceeds the second to a triangle of 
equal area. 

134. Draw a square of 3*3 inches side. In it inscribe four equal circles 
each touching one side of the square and the two adjacent circles. In each of 
these four, and with their centres, draw a second circle with a radius of *47 
inch. 

135. Construct a scale on which 80 feet are represented by 6 inches. Make 
the whole scale of such a length that 50 feet are shewn by it. 

136. Draw the geometrical pattern of which a sketch is given at A ; radius 
of the larger circle being 1*75 inch, and that of the smaller *65 inch. 

In a problem of this kind it is always well to begin by a thorough analysiB of the 
geometrical basis that underlies the om^tmental figure. In this case, as the star has 
six equidistant points, we should, as soon as we have drawn the large circle, draw 
a diameter, A B, to it, and from points A B, with the radius of the circle cut off 
points D, E F. As the points where the rays strike the inner circle are evidently 
midway between the apices, we now proceed to draw a second diameter, G H, at 
right angles to the first, and from points G and H, with the radius of the circle cut 
off points IJ, K L. lines drawn from these points to the centre of the circle will, 
where they touch the circumference of the smaller circle, give the resting places 
for the inner ends of the lines that form the rays of the star. 

137. In a map a distance of 1 inch represents | of a mile. Draw the scale 
and measure by it a line 2 miles 5 furlongs long. Give the representative 
firaction. 

F G is the required line. There are in J of a mile 47,520 inches : the representative 
fraction therefore is 775-7^^. 

138. Draw a circle of 1*50 inch diameter, and surround it by six equal circles 
touching the given circle and each other successively. Circumscribe the six 
circles by a circle. 

139. Draw two parallel lines 1^ inch apart and 2 inches long. Between 
these insert nine other lines parallel to them and dividing the space between 
them into equal parts. Ink in the nine lines with thick, thin, and dotted lines 
alternately. 

It must be remembered that as there are 9 lines between the outer ones there 
will be 10 spaces. So often when we have given this to our students in the course 
of their work they have divided the line A B into 9 pjirts, that it appears worth 
while to point out what might otherwise appear to be sufficiently obvious. This 
simple question is really merely a test of the power of using the ruling pen. 

140. With a radius of 2*5 inches, describe a quadrant of a circle and in it 
inscribe a circle. In this circle place a ring of twelve squares touching each 
other, and each having one angle resting on the circumference. 

Candidates in an examination too often fail owing to their haste. It is far better 
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to take a longer time for consideration, and really grasp what is required, than to 
hasten on without fully realising the conditions. In working any problem that does 
not at' once carry its meaning on the face of it, it is generally advisable to make a 
rough sketch on a piece of waste paper so as to make sure that all the requirements 
are understood. We dwell on this, because in our own experience we have so often 
seen care and time bestowed on work that, owing to some radical defect, was no 
real solution at all. 

141. Construct a scale in which five furlongs are equal to '9 inch. Show 
miles and furlongs and (diagonally) chains. 

All who are going in for any examination in geometrical drawing in which 
scales are included should be careful to have a good knowledge of the various 
measures of length. A candidate who did not know or remember that there are 
8 furlongs in a mile and 10 chains in a furlong would be helpless before such a 
question as the present one. 

142. Draw two straight lines containing an angle of 35**. With a radius of 
1*2 inch describe a circle touching both the lines containing angles. Describe 
a second circle touching the first and the lines containing the angle. 

143. Construct a right line figure firom the following dimensions: Side 
AB=2-0, BC=1'75, CD=2-2, DE=l-25. The right angle ABC=120% 
DCBs=90°, CDE=120^ Ascertain and state the length of the remaining 
side E A, and the size of the angles D E A and E A B. 

Side E A is 2 inches long. Angle D E A is 117'', and angle E A B is 93^ 

144. Draw five concentric squares 0'15 inch apart, the smallest having a 

side of *9 inch. Ink in these squares with lines that increase in strength from 

the smallest to the largest. 

This problem is so simple in character that there is some little risk of a candidate 
in an examination despising it, though really as good a test of neat work as many 
others of more apparent importance. We have therefore indicated on it all the lines 
that are necessary to its satisfactory working out. The inner square must be drawn 
first, and its diagonals and diameters indefinitely produced ; then on lines J K, L M 
set off the distance the squares are to be apart, and draw the lines through these 
points until they meet lines F G, HI, the resting-places of the angles. As the 
problem contains so few points to be mastered, if these are neglected all is a 
failure. Simple problems are ofben as severe a test of the use of instruments as 
more elaborate ones, though they do not, of course, test the knowledge of the 
candidate to such a degree. In these examinations head-knowledge and hand-skill 
are each looked for by the examiners. 

145. Draw a diagonal scale of | of a mile to the inch, and measure miles, 
furlongs, and chains. Four miles to be the greatest length shown. On the 
scale, mark off a space of 2 miles 2 furlongs 2 chains. 

146. Construct an isosceles triangle of which the base shall be 2 inches and 
the opposite angle 30^. Within a circle 2*2 inches radius inscribe a triangle 
similar to this. 

147. Draw a triangle having one angle 55° and the two sides containing this 

c 2 



20 EXAMINATION QUESTIONS IN 

angle equal to 1§ inch and 2| inches. Find the centres of its inscribed and 
circumscribing circles. 

148. A military sketch is to be drawn to the scale of 2^ inches to the mile. 
Construct a scale of paces — a pace equals 33 inches — capable of measuring any 
distance between 4,000 and 100 paces. 

Draw a line and set off on it a distance A C 2^ inches long. Set up A B at any 
angle with AC and mark off on it 19 equal distances, and beyond these another, 
^ the size, because the 20 extra paces required are ^ of a hundred. Join B C and 
the first 10 divisions from A parallel to this. Each of these divisions will represent 
100 paees. There are 63,360 inches in a mile, and this divided by 33 gives 1,920, 
the number of paces in a mile. 

149. Construct from the rough sketch W the figure ABCDEFG, and 
reduce it to a triangle of equal area, haviug its vertex in D and its base in A G- 
produced. Measure the sides in feet and the angles of this triangle, and write 
down their magnitudes. Scale 25 feet to I inch. 

I D M the required triangle. I D is 85 feet long, D M 112, I M 123. Angle 
MID is 62% IMD 43% MDI 75^ ABCDEFGis a seven-sided figure, 
HODEFGis a six-sided figure, IDEFG is five-sided, IDEK is four«ided, 
I D M is thre&«ded. All these are equal in area. Questions of this type — the 
reduction of irregular polygons into triangles — are so often given in examinationa 
that the student will do well to bestow considerable attention on them, and gain 
the maJitery over them. To do this, any of our figures of this character may be 
taken, and other sides used as base lines, and other points used as apices of the 
required triangle. In the present e^pample, for instance, let E be taken as the apex 
and B A, produced, as the base. 

150. Draw the geometrical pattern sketched in accompanying figure X. 
Sides of octagons and squares *75 inch. 

151. Construct a triangle of which two sides measure 3'2 inches and 2*6 

inches, and the enclosed angle 108^. Draw an equilateral triangle of equal 

area. 

A B C is the first triangle required ; B G H is the equilateral triangle equal in 
area to it. 

152. Draw a polygon ABODE, of which the side AB is IJ inch long, B'C 
2-3, AE 1-85, DEli. The angle ABC is 111% BAE113% AED 122^. 
Measure and write down the length of the remaining side and angles, and reduce 
the polygon to a triangle of equal area, and having its base in AB pro- 
duced. 

The remaining side C D is 2*55 inches long, and angles C D E and BCD are 
106^** and 88° respectively. 

153. Within an octagon having sides 1*75 inch long place four equal circles 
each touching two others and one side of the octagon. 

154. Draw three circles each with a diameter of 2 inches, so that in each 
case one circle may touch two others. 

155. A circle, A, 4 feet in diameter, is at a distance of 5 feet frx)m centre to 
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centre from a circle B, 3 feet diameter. A third circle, C, having a diameter 
of 4^ feet, touches both A and B. Scale ^ inch to 1 foot. 

156. Two circles, A and B, each having a diameter of 1 inch, have their 
centres 1*66 inch apart. Draw a straight line between these two circles that 
shall be tangential to both. 

157. Construct a square and equilateral triangle, each having an area of 
3*8 square inches. 

Tbe parallelogram A B C D, ihe square I B G H, the isosceles triangle I B J, and 
the equilateral triangle I N are all equal to each other in area ; all are the 
required 3*8 square inches. 

168. Draw two lines including an angle of 75^ Divide this angle, by oon- 
stmction, into four equal parts. In each of the four small angles inscribe a 
circle of *9 inch diameter. 

169. Draw a diagonal scale of 120 feet to 1 inch to measure single feet. 
Show 400 feet, and mark on the scale a distance of 287 feet. 

A B is a distance of one inch divided into 12 equal parts ; each of these represent 
10 feet. The first 10 of these from point A are taken to construct the scale. 

160. Draw a diagonal scale of 70 paces to the inch, to measure all distances 

from 1 to 400 paces. Give the representative fraction, allowing 33 inches to a 

pace. 

Divide the distance D E, 1 inch long, into 7 equal parts, and add to these three 
other and similar parts ; the distance so obtained will represent 100 paces, the dis- 
tance D E being 70 paces. There are 2,310 inches in 70 paces, a distance represented 
in the scale by 1 inch ; the representative fraction therefore is ^^r^. 

161. Describe a circle having a radius of 2*12 inches. By means of four 
concentric circles divide its area into five equal parts. From any point in the 
outer circle draw a tangent to the innermost. 

Note. — ^By dividing A B into any given proportion cLrdes may be obtained 
having the same given proportion to each other. In the original question the radios 
was 2*58 inches. We are obliged from time to time in our set to modify the 
measurements owing to the exigencies of the space, but we have only in any case 
done so when the alteration does not afiect the spirit or difficulty of the problem ; 
as in the present case, where the alteration of the radius is quite immaterial. Our 
right to do this is so patent that we should not think it worth while to refer to it 
did it not occur to us that some persons, seeing the original examination papers, 
and noticing modifications, might be in doubt how far we had gone from the 
original conditions. 

162. Seven straight lines making equal angles with each other all radiate 
fix>m a common centre. Make these lines respectively, taken in order, 60, 
50, 40j 30, 20, 55, and 25 feet long. Join extremities and reduce the figure to a 
triangle of equal area. Write down the length in feet of each of the three 
sides of the triangle. Scale 25 feet to 1 inch. 

E K J is the reouired triangle. J E=94 feet K E=90 feet. E J=: 138 feet. 
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163. Draw two circles with radii of l^ and If inch respectively, to tonch 
each other externally, and an arc with a radius of 2^ inches tooching externally 
the two circles. 

The arcs catting at C are 3| inches and i\ inches radius, being the sum of 1^ 
inch and 2^ inches, and of 1 j inch and 2^ inches respectiTely. 

164. Draw a regular heptagon of 1*4 inch side« and reduce it to a triangle of 
eq\ial area. 

165. Draw a circle having a radius of 1^ inch« and in this inscribe an 
octagon. Seduce this to a squan? of equal anea. 

For greater cleAmcss we huve m:iiie thrw &nire5 : all. however, are on the nme 
sheet. The rectangle T U V W is equal in arai to the rhomboid J N OS. How 
this ihomboid is deri\*e^l fn^m the polygon, and how the square is derived from 
the rectangle, are sufficiently obvious on inspectKHi of oar figure. 

166. From A and B the extremities of A B, which is 440 yards long, the 
following angles are observed to and D on the same side of A B, vix., CAB 
102% D A B 35% C B A 30% DBA 68'. IVtermine and write down the lengths 
in vards of C D, A C, and B D. Scale 100 vaids to 1 inch. 

C D is 402 yards long. A is 2t£>6 yards long. B D is 260 yards long. 

167. Draw a scale of feet to measure 400 feet, least dimension being 10 feet ; 
60 feet are represented by u5 inch. Give the i^pnea^ntative firaction. 

If there are 60 ieet in } of an inch thoi^ will be 80 i^ in 1 inch. 80 feet, 
multiplied by 12 to bring them to inchtfs. gixe 960. One inch, then, in the soJe 
i< the equivalent of 960 inohess:^^ 

168. Describe the segment of a ciivle to contain an angle of 79% the chord 

of the an: being 3J inches long. In the s<^gment draw a circle with a radius of 

•9 inch to touch U^th chonl and an: of the st^gment. 

I>n\w A R the rrqniiwl length. At either ejctremity. as A, draw a line A C at 
an angle of 79 \ I&^vt B A 0. and make iu\g'e ABE «iual B A E. producing the 
linos until they met^t in jvMnt YL Bistvt lino? A E. E B to 6nd centre, F, of drde. 
To find smaller circle take any p<>int G in the arc, ar*vl draw an arc baring radius 
of '9 inch. From F draw an arc H tangenti.\l to thi^u The required oentsre must 
K* »mewhere in this stwnd arv\ Take any two iv^ints in line A B .hs o^ntres, and 
draw ai>K? 1 J. A line tangential to those will cut arc 11 in jK»int K. This point 
is the centre of the n?quired citvie, 

169. Draw a ivunlloKxgram, of which the .adjacent sides measure 2 § inches 

and 3J inches resivotively. and two of the angles 57"" eaoh. Divide this 

|xirallelognun into 16 e\]ual ivvnvUolognuns similar to the original figure. 

Though this probloni is sinipV!oity itsr^f whon its n\v»iiromtMits are understood, 
we have mort^ than once had studon:s failing in it jnst fv>r lack of the necesswy care 
in first rt>alising what is rwiHy rt\|iiire*l. As the pn^bleui is itself so easy, we would 
suggest as exeroi:ws h^sevl on i; — 1. the const.nic:ion of an oqui'aTera} tri.ai^.gle equal 
in area to eUnvn of tlu>c^^ pftml'okyrams : 2. a similar p^ral>\>gram to R S TU, but 
I its area : .and w*. a right -^uigled trlang'o eqtial in aroa to seven of those j^aiallelo- 
grams and haring a bas« 4 inches long. 
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170. Draw a plain scale of miles and furlongs in which | of a furlong 

equal -^ of an inch. The scale should be long enough to measure 8 miles. 

Give representative fraction. 

It will readily be seen that if yV of an inch is the equivalent of f of a furlong, 
^ inch will equal 6 furlongs. IHvide then half an inch into 6 parts, and add to 
these 2 others, and 8 furlongs or 1 mile will be the result. The representative 
fraction is qsIa^ * ^^^ ^^ ^^ ^^ ^^® scale represents 12 furlongs, and 12 furlongs 
contain 95,040 inches. 

171. From the point B in the line AB 52 feet long, draw B G 39 feet long, 
■making ABC equal 125**. From C draw C D perpendicular to B C and 35 feet 
long. From D draw D E 43 feet long making angle C D E 75°. Join A E and 
write down its length in feet and the size of the angles A E D, B A E. 

172. Draw a rectangle having sides 2*48 inches and 5*12 inches long. Trisect 

each angle and produce the lines until they touch the bounding lines of the 

figure. Letter all points, and give the lengths of the trisecting lines. 

lines AE, BF, OG, DH are each 2*87 inches long. lines A K, BL,CI, D J 
are each 4*95 inches long. 

173. Draw a scale of feet to measure all distances between 50 feet and 1 foot, 
5i feet being represented by *52 inch. By the diagonal method make this 
scale available for measuring inches. Mark off on the scale a distance of 35 feet 
2 inches long. 

174. Upon a base of 2 inches construct a parallelogram having an angle of 

5(f and an area equal to a circle of 1^ inch radius. 

The rectangle D E F G is equal in area to the triangle ABO, since it is equal in 
altitude to it and on half its base. The rectangle J K L M is equal in area to 
D E F G, and from this we obtain the required parallelogram J K N 0. The way of 
finding the triangle (approximately) equal to the circle is already shown also in 
Figs. 79, 90, and 112, and the way of drawing a parallelogram on a given base 
equal in area to another parallelogram having a different base is shown in f^gs. 36 
and 60, as well as in the present example. 

176. Construct a triangle which shall have f the area contained by a square 

of 2^ inches side. 

P Q R S the square of 2^ inches side ; P Q T U a parallelogram f its area, and 
Y T Q a triangle equal in area to it. 

176. Divide a line 3*5 inches long into two parts which shall be to each 
other as 1-75 inch is to 3*25 inches. 

177. About a circle of f inch radius construct a triangle having its angles 

46% 60% and 75°. 

Draw any radius G H and IJ at right angles to it. Make angle H G K 135°, 
the difference between 45° and 180°, and draw I L perpendicular to G K. Make 
K G M 120°, the difference between 60° and 180°, and draw L J perpendicular to 
G M to complete the triangle. 

178. Draw two parallel straight lines AB and CD 3 inches and 2| inches 
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long respectively, and join their extremities A C and B D. Find a point E in 
A B I inch from A, and from that point draw a line which would pass through 
the intersection of A C with B D, which lines are not to be produced. 

179. Construct a regular pentagon and an equilateral triangle, each of 4 

square inches area. 

figure A B C D is a parallelogram of 4 square inches area, and B D E is a 
triangle of equal area. As the method for constructing any regular polygon equal 
in area to a given triangle is not found in many text-books we give it here. 
Divide one side of the triangle, as E D, into as many equal parts as the polygon 
is to have sides, in this case 5. Produce B E indefinitely beyond E, and through 
point H, the first of the divisions on E D, draw a line parallel to E B. Constroct 
any convenient pentagon, as Y W X Y Z, and draw lines from U to two adjacent 
angles, as UW, UX. At E in EB construct an angle BEF equal XXJW, 
EF being cut in I by the line passing through H. On BE produced set off 
E J equal E I. Bisect B J in T, and find the mean proportional E G to B E and 
E J. E G is the radius of the circle in which the pentagon must be inscribed. 
As we have not room to show the method by which the equilateral triangle is 
found — a method that we have already in several of our other figures worked in 
full — we have been content merely to give the result. L M N is the required 
triangle. 

180. Draw one square with sides of 1^ inch, and another with f inch sides, 
and a third square equal in area to the other two. 

181. Construct a square which shall contain the united areas of three squares 
of 1 inch, 1^ inch, and 2 inches sides respectively. 

182. Draw the circles inscribed in and circumscribing a triangle of 3 inches, 
2*5 inches, and 2 inches sides. 

183. Upon a right line 3 J inches long, mark off its ^, ^, J, and ^. 

184. Draw two right lines which shall be inclined to each other at 75% and 
unite them by an arc of a circle of | inch radius. 

If the straight lines A B, B C are allowed to cut in B, the required angle is 
readily obtained by the protractor. Should the question, however, by its wording 
have forbidden this, the following plan would readily have met the difficulty : 
Draw A B and D E parallel to it at the required distance apart, i.e. J inch. Make 
at E an angle of 75° and draw E F. Take any two points in line EF, and with 
the radius of J inch draw two arcs, and draw line B C tangential to these; B C will 
be at an angle of 75° with A B. 

185. Divide a square of 1*85 inch side into six triangles of equal area, and 
all having their apices in one angle of the square. 

A problem founded on the fact that triangles on equal bases, and having equal 
altitudes, must be equal to each other in area. 

186. Within a circle of 1^ inch radius place a trefoil of tangential arcs of 
equal circles, and from the centres of these draw three circles having diameters 
of 1*1 inch, '74 inch, and '55 inch, increasing each smaller circle in thickness 
of line when inked in. 
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187. Gonsinict a triangle having its sides as 2, 3, 4, but inscribed in a circle 
of 1*6 inch radius. 

188. Construct a triangle having a perimeter of 3^ inches, and two of its 

angles 46^ and 60^. 

189. Construct an equilateral triangle having an area of 3| square inches, 

and place in it a square having one of its sides resting on one side of the 

triangle. 

A B D b a parallelogram of 3f square inches area, and the triangle A B E is 
equal in area to it. Want of space has prevented our showing how the equilateral 
triangle is derived from the scalene, but F G H is the required result. 

190. Upon two bases of 2 inches, and 2^ inches respectively, construct isos- 
celes triangles having angles at their bases of 50'' and 76^ respectively. Construct 
a square having an area equal to their united surfaces. 

ABC and A D E are the two isosceles triangles. A B C is applied to A D E 
and forms with it the irregular figure A C B D E. This figure is resolved into 
the triangle DEF. The parallelogram EFGH is equal in areatoDEF, and 
E J K L is the required square derived from it. 

191. Construct a triangle, its sides being in the ratio of 2*5, 3, 3-75, and 

their sum equal 5 inches. 

A B is 5 inches long. Set off A Z at any angle with it, and from A set off divisions 
that shall bear the proportion to each other of the numbers given in the question. 
We have ourselves taken 10, 12, and 15 divisions from a scale because those are 
the equivalents in quarter parts of 2^, 3, and 3f , but in most cases as, say, 2*3, 3*1, 
3*78, it would be better to take these distances at once from a diagonal scale, 
reading tenths and hundredths. 

192. On a line A B as base 2 inches long, construct a triangle equal in area 
to a triangle CDE having sides of 1^ inch, 2^ inches, and 3 inches re- 
spectively. 

The student will often find it an advantage to prove the accuracy of his work, 
either by re- working it in some other way and finding the results coincide, or by 
adopting some such plan as we have here done in illustration of our meaning. As 
the two triangles A B L and CDE should be equal in area we have converted 
them both again into parallelograms, and these in turn into squares. As these 
Bquares B S T U and D P Q are identical in size we have sufficient proof that 
our triangles were correct. We might have arrived at a similar point by convert- 
ing both triangles into equilateral triangles. 

193. In a circle of 1 inch radius draw the figure shown at W. 

194. Draw a circle of 4 inches diameter, and 4 of its diameters dividing 
the area and circumference into 8 equal parts. Draw another circle of 2^ inches 
diameter, having the same centre (A). This will give points on the diameters 
from each of which as centre a circle of '6 inch radius (with a fine line) and 
another of | inch radius (with a bold line) is to be drawn. Draw from A as 
centre two circles (the inner one having a broader line than the other) that shall 
be tangential to the 8 larger circles. 
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This is a problem to test neatness of working : any inaccuracy in the setting 
out would at once be felt when the intersecting circles were drawn. It is of 
the first importance in this figure that the diameter should be correctly spaced 
out; the set-square of 45^ should therefore not be trusted to, but one diameter 
should first be drawn, then bisected, and a line perpendicular to it should be 
drawn. The four right angles thus made should be again carefully bisected to 
find the position of the intermediate diameters. 

195. Construct a regular pentagon having a line AB 3 inches long as one 
diagonal. 

As this problem is not always to be met with in the text-books we ^re the 
method of construction. Draw A £, the diagonal, and bisect it in C, and with 
C as centre, and C A as radius, describe a semicircle. Divide this semidrde into 
as many parts as the polygon is required to have sides — in the present case, ^ye. 
From A and B as centres, with the line A B as radius, describe arcs intersecting in 
F. Draw {rom A a line through the second point from B, and from B a line 
through the second point from A ; these lines will cut arcs A F, B F, in points 
D and E. lines drawn from A to D, D to E, and E to B, will give three sides 
of the required figure. The remaining sides are found by drawing arcs from A and 
B with the radius A D until they intersect in G. A G, B G, are the two re- 
maining sides. Note, whatever the number of sides of the polygon, the lines must 
always be drawn through the second division on the semicircle from each extremity 
of it. 

196. Draw a circle of 1 inch radius and divide its circumference into 6 
equal arcs. Describe an arc of a circle of 1 inch radius from each point of 
division, stopping these ares at the circumference of the first, and each passing 
through the centre. 

197. Construct a regular pentagon of 2 inches side, and in it place five semi- 
circles, their diameters adjacent and each arc touching one side of the circum- 
scribing figure. 

198. Draw a square of 3 inches side, and divide it into sixty-four equal 
squares, filling in every other square by lines or a tint, so as to give the effect 
of a chess-board. 

This problem, like 194, 196, and several others, is to test accuracy in setting 
work out. The eight divisions might be got equally well either by bisection and 
re-bisection, or by the method shown in Fig. 186 and elsewhere. In filling in the 
squares by lines care must be taken to keep all the lines the same distance 
apart ; novices are too apt to begin carefully, and then tire before the work is 
finished, and so the lines get further and further apart and the tint grows lighter 
and lighter. 

199. Construct a triangle with a baso of 2 inches, and an apposite angle of 
76°, and on a base of 2^ inches another triangle of twice the area. 

P Q X is the first triangle required, and Y L M the second. 

200. Construct a regular heptagon with a side of 1^ inch, and an equilateral 
triangle equal to it in area. 

ABCDEFGisthe required heptagon. For the sake of greater clearness the 
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result only is given, but in an examination all the working lines should be left in. 
IJ K L is a parallelogram equal in area to the heptagon, and IJ M the resulting 
triangle is also equal to it. The working out of the equilateral triangle N P is 
not given owing to pressure of space, but the method employed may be seen in 
full in Figs. 89, 106, 152, and 158. The equilateral triangle N P is equal in 
area to the heptagon ABCD EF G. 



By way of appendix and for the greater utility of our book, we add the. 
following questions but do not show the working, as the candidate will do well to 
accustom himself to written questions alone. For the greater convenience of 
giving out such questions, their numbers run consecutively and follow on those 
already given. Where a master has occasion to believe that his pupil has con- 
sulted too freely the illustrations of the working and has not sufficiently striven 
to find out the foregoing questions for himself, a few of the following might be 
judiciously interspersed in any problems set. 

201. Draw a line 4-87 inches long. Let this line represent a length of 
3 feet 4 inches ; produce it to a length of 4 feet 8 inches. 

202. Within a rectangle of 8 inches by 2 inches inscribe an ellipse, and at 
any point in its curve draw a tangent. 

203. Draw a line 2*14 inches long. Let this represent a line 4 feet 4 inches 
long, and from one end mark off a distance of 1 foot 6 inches. 

204. Construct an equilateral triangle having a perimeter of 6-34 inches, 
and a regular hexagon of which the centre shall be one angle of the triangle, 
and a side one side of the triangle. What is its perimeter ? 

206. Give geometrically a mean proportional between two lines of 1*55 
inches and 2*30 inches respectively. 

206. Draw two straight lines, A B and A C, inclined at an angle of 35^. 
From A on A B measure a distance of 3 inches to point D. Draw D E perpen- 
dicular to A B and *4 inch long. Describe a circle touching A B and A G and 
passing through E. 

207. Two of the adjacent sides of a parallelogram are 2*75 inches and 1*75 
inches respectively, and the angle between them 50°. Draw the parallelogram 
and describe a square of two-thirds its area. 

208. A trench is 5 feet wide and 1 foot 6 inches deep, its width being repre- 
sented on your paper by a line 1*85 inch long. Draw the trench and the scale. 
What is the representative fraction ? Re-draw,the section to a scale 1 J times as 
great What is the representative fraction of the new scale ? 

209. Describe a circle 1} inch diameter. Circumscribe the circle by a 
square. Circumscribe the square by a second circle, and the second circle by a 
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second square. Continue the process till three squares and three circles have 
been drawn* 

210. A man in order to go to a place 6 miles due north of him, walks for a 
certain distance north-east, and then makes straight for his destination, walking 
altogether 7^ miles. Find by a geometrical construction how £eu: he walks 
before changing his direction. Scale I inch to 1 mile. 

211. Plot an angle of 73° with the protractor. Divide the angle into four 
equal parts, and in each part inscribe a circle 1 inch in diameter. 

212. Divide a line 3-63 inches long into two parts whose ratio is as 2 is to 
3^. On each side of each part describe an equilateral triangle. In each of the 
two rhombi obtained inscribe a circle. 

213. Draw a line CD 4*59 inches long and find a point P above it, 1*65 
inch firom C and 4*03 from D. Find a point S below the line 3*79 inches 
from C and 1*08 fix>m D. Find a point X on the given line C D equidistant from 
points P and S. 

214. Divide a line 7 inches long into six equal parts. On each part as 
chord describe an arc of 0*85 inch radius, placing the arcs alternately above 
and below the line* 

216. AB is 3 inches long, A C is 4 inches, AD is 3*75 inches, AE is 2*66 
inches, A F is 3 inches, and A G is 2 inches long. Angle B A C is 18°, B A D is 64% 
B A E is 77°, B A F is 93°, B A G is 125°. (1.) Reduce this figure to a triangle of 
equal area, having AB produced as base and E for apex. (2.) Draw a similar 
figure one-third larger in area. (3.) Draw a square two-thirds its area. 

216. A line 1*75 inch long represents 5 furlongs. Draw a scale of miles, 
furlongs, and chains, and give representative fraction. 

217. Divide a line 3*18 inches long in the ratio of 7*22 inches to 18*91 
inches. 

218. Draw seven equal semicircles in a heptagon, their diameters being 
adjacent and the sides of the polygon tangential. 

219. In a circle having a periphery of 11*13 inches, place a ring of nine 
circles, each touching those adjoining and the circimiference of the large circle. 

220. Draw an irregular five-sided figure ABODE. A B is 4*5 inches long, 
B E is 2*6 inches long. A line from B to D is 4*7 inches long, and one fi^m 
to E is 2-75 inches long. Angle B A C is 46°, A C D is 133°, and A B E 85 . 
Draw a similar figure having an area half that of the first, 

221. Draw the inscribed and escribed circles of a triangle whose sides are 
2'2 inches, 2*45 inches, and 3*25 inches. 

222. Draw a line A B 2-35 inches long, and find a point P, 2 inches fix>m A 
and 1*3 inches from B. Describe all the circles of 0*7 inches and 2*4 inches 
radius, which can be made to pass through P and touch A B. 

223. A point starting from the intersection of two lines at right angles moves 
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so that the ratio of its distances from the two lines is always 3 : 4. Trace the 
line made for about 3 inches from its starting point. 

224. The length of an ordinary pace is 30 inches. Draw a scale of yjoi) ^ 
show 600 paces. 

225. Draw a straight line A A 6 inches long, and take a point P 2*25 inches 
above its centre. From point P draw all the lines which make angles of 38^, 
66**, and 74* with the line A A. 

226. Construct four concentric, similarly situated hexagons 0*3 inch apart ; 
the side of the largest to be 2*25 inches. 

227. Draw two lines cutting each other at an angle of 55% and describe all 
the circles of 2 inches diameter which will touch both. 

228. Between two concentric arcs of circles of 2*4 inches and 3*7 inches 
radius describe seven circles touching the given arcs and each other succes- 
sively. 

229. Draw a triangle ABC. A B 3*85 inches long, A C 2*8 inches long, and 
B C 2 inches long. Write down its angles and find a point D on A C 2 inches 
from A. Construct an isosceles triangle having a base A D and equal in area to 
the given triangle ABC. 

230. Find a point C 1 inch from B, and 2^ inches from A, the extremities of 
a straight line 2*45 inches long. Point C is the centre of a circle of | inch 
radius. Draw a second circle of 1 inch radius tangential to the circle and 
straight line. 

231. Draw a rhombus of 2^ inches side, having two angles of 60^ In it 
place four equal circles, each touching two others and one side of the rhombus. 
Draw a second and similar rhombus in which four circles shall each be in 
contact with two others and with two of the sides. 

232. Draw a circle of 2^ inches radius, and in it place five equal squares in 
contact, each square having two of its angles resting on the circumference. 

233. If a line 3 inches long represents 2 miles 5 furlongs, how long is the 
line which represents 3 miles 2 furlongs 4 chains ? Give the representative 
fraction. 

234. Draw a hexagon of 2 inches side, and convert it into a square of one- 
fifth its area. 

235. Draw a circle of 2 inches radius, and firom the same centre a second, 
one-fifth the area of the first. Fill the space between the two circles with the 
largest possible number of circles equidistant from each other, and in contact 
with the two original circles. 

236. A distance of 4 inches on a map represents 2| miles. Construct a 
plain scale- of miles and furlongs to suit the map, and showing six miles. 

237. Draw a straight line A B 2 inches long, and firom the point A draw 
three straight lines, A C, A D, A E, all on the same side of A B, and making the 
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angle BAG 15% CAD 30% and DAE 15^ Make AC 3 inches, AD 2-75 
inches, and AE l'7S inch long. Join BC, CD, and DE.. Without the 
irregular pentagon thus formed draw two similar figures having their sides 
parallel to those of the first, and distant firom A B half-an-inch and one inch 
respectively. 

238. Draw a straight line AB 2*75 inches long, and at the extremities A 
and B erect perpendiculars AD and BC 1*75 inch long and 1*25 inch long 
respectively. Describe a circle that shall pass through D and C and have its 
centre in line AB. 

239. Construct a parallelogram having two of its adjacent sides 3-5 inches 
and 2*5 inches long and two of its angles 60^. Draw the diagonals, and in each 
of the four triangles thus formed inscribe a circle. 

240. With a radius of 1*5 inch describe a semicircle, and in it inscribe a 
square, its base resting on the diameter of the semicircle. 

241. Within a square of 3 inches side place the largest possible equilateral 
triangle. 

242. Draw a hexagon having a perimeter of 7*82 inches, and on each side of 
its base draw a similar hexagon. 

243. Draw a rhomboid having a base of 3 inches and an angle of 67^ equal 
in area to a hexagon of 2^ inches side. 

244. A tank has a pipe of 5 inches diameter. Show the cross section of 
a pipe that would yield a water supply of two-thirds the amount. 

245. Draw a circle of 1 inch diameter and place roimd it three equal squares, 
each having a side in contact with it. Join the upj>er angles of these squares 
in such a way as to convert the whole into a six-sided figure, and draw a fourth 
square equal in area to the three triangles that alternate between each of the 
original squares. 

246. Draw any two straight lines at any angle with each other, but not ir 
contact. Draw a circle that shall touch them both. 

247. Draw a regular pentagon of 2 inches side and place in it an equilateral 
triangle. Draw a second equal in amount to the excess of area between the 
first triangle and the polygon. 

248. If a line 3*17 inches long represents 2 miles 5 furlongs, how long will 
the line be that represents 3 miles 7 furlongs ? Draw it. 

249. In a circle having a periphery of 5'82 inches draw a regular octagon. 
On each side of this octagon as base draw ao other octagon. 

250. Draw a straight line 4*82 inches long and trisect it by two different 
methods. On each third as a diagonal draw a square, and show a fourth square 
equal in area to the sum of the three. 

251. Draw a straight line AB 4 inches long, and without producing it erect 
perpendiculars A D and B C, each equal to 2*5 inches, and join D C. Bisect the 
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two longer sides of the parallelogram thus formed in E and F, and join E F. 
Construct a square of which E F shall be one of the diagonals. 

252. With radii of 1*25 inch, 1*4 inch, and 1*77 inch respectively, draw 
three circles touching each other. Draw a tangent to the smaller circle 
£rom a point 3 inches &om its centre, showing how the tangent point is 
foimd. 

253. Construct a diagonal scale of feet and inches on which 17 feet would 
be represented by 1*6 inches. Show 50 feet, figure the scale properly, and 
write above it its representative fraction. 

254. Given two straight lines, 1*78 and 3*33 inches long, find by geome- 
trical construction a mean proportional, a third proportional less, and a third 
proportional greater. Write down in inches and tenths the length of each. 

255. Construct an irregular pentagon A B C D E from the following data : 
Side AB 1*5 inch, BC2 inch, CD 1*25 inch, DE 1*75 inch. Distance 
A C 2*25 inches, distance A D 2*5 inches, and distance B E 3*4 inches. Write 
down the length of the remaining side A E. Draw a second and a third pen- 
tagon within the first, and having their sides parallel to it, and *25 inch and 
*5 inch respectively distant. 

256. On a line 2 inches long as base draw a regular pentagon. On each of 
its sides as base draw a similar pentagon, and enclose the whole in a circle. 

257. Draw an ellipse having axes of 5 inches and 3 inches respectively. 
Assuming its centre to be unknown to you, show by what geometrical method 
you would ascertain it. 

258. Draw a scale of miles, furlongs, and chains, 2^ miles being represented 
by 3} inches. Give the representative fraction. 

259. Draw an octagon of 1*33 inch side, and place in it eight equal circles 
each touching one side, and a second and similar octagon containing four equal 
circles each touching two sides. 

260. On a line 4*18 inches long draw a rectangle having an area of 11*53 
square inches. 

261. Draw an equilateral triangle having an area of 6*81 square inches, and 
within it place a second of § its area, its sides being parallel to and equidistant 
from those of the first. 

262. Draw three circles each touching two others, their radii being 1*39 
inch, *45 inch, and *85 inch. By means of tangents place them in a scalene 
triangle, and give the length of its three sides. 

263. Draw a line 8*12 inches long, and divide it in the ratios of 6*23 to 
14*4. On each portion draw a square, and draw a third square equal in area to 
the amount by which the first exceeds the second. 

264. Draw a regular heptagon A B C D E F G. With A B, produced, in each 
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case as a base draw triangles equal to it in area, having points C, D, and E as 
the respective apices. 

265. Draw a regular hexagon containing an area of 8*23 square inches. 

266. Draw three equilateral triangles, having sides of 1, 2, and 3 inches 
respectively, and a square equal to their total area. 

267. An upright pole 10 feet high is inserted in the ground 15 feet finom 
one which 'is inclined Arom the first at an angle of 63° with the ground and 19 
feet long. How far is it firom the top of one pole to the top of the other ? 

Scale -3^. 

268. B walks due north from A to 2^, a distance of 19 miles, while S walks 
north-east for five miles, and then discovers his error and makes straight for Z. 
How much further has he walked than B ? Show the two routes to a scale 

269. Draw an equilateral triangle equal in area to the sum of two equilateral 
triangles, one having a perimeter of 3*31 inches and the other of 10*17 inches. 

270. Place the largest possible equilateral triangle in a square of 8*17 square 
inches area, and in the triangle place three equal circles each touching two 
others and one side of the triangle. 

271. Draw a square of 5*87 square inches area, and within it a second of ^ 
its area, and having its sides equidistant from and parallel to the first. 

272. Divide a line 5 inches long in the proportion of 7*81 to 15*90, and con- 
struct on each part a square. Construct a right-angled triangle equal in area 
to the amount by which one square exceeds the other. 

273. Place five squares in contact in a pentagon of 12^ inches perimeter so 
that one diagonal of each square touches the centre of each side of the polygon. 

274. Draw a circle of 4 inches diameter. 4 inches from its centre mark a 
point A. Draw a second circle having a radius of 1 J inch that shall be tan- 
gential to the first and pass through point A. 

275. Draw a rectangle having sides of 4*27 inches and 3*11 inches, and a 
second equal in area to it and having one side 5*40 inches long. 

276. Divide the circumference of a circle of 4 inches diameter into five equal 
parts, and join every other one so as to form a five-pointed star. Draw a square 
of f its area. 

277. Draw a diagonal scale to measure yards, feet, and inches, 2 feet being 
represented by 1 inch. Mark off* above it distances of 2 yards 2 feet 2 inches, 
and 1 yard 1 foot 10 inches. 

278. Construct a triangle having its sides 3*25 inches, 3 inches, and 2*5 
inches, and in it inscribe a square. 

279. Draw five parallel straight lines 5 inches long and *7 inch apart. 
SJiow the two outer ones by dotted lines, the two next by fine full lines, and 
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the centre one by a thick line. Divide the upper one by construction into 
three parts in the ratio of 2, 5, and 8, and the lower one as 7*21 is to 16*58. 

280. The distance between two places is 35 miles, and measures on a map 
4*4 inches. Draw a diagonal scale of miles and furlongs to suit the map, show- 
ing 40 miles. What is the distance represented by 1*17 inch? 

281. On a base 2 inches long describe an isosceles triangle of 4 inches side, 
and divide it into four triangles equal to each other and similar to the original 
triangle. 

282. Draw a regular pentagon of 2^ inches side, and in it inscribe a second 
regular pentagon having each of its angular points touching the sides of the first 
polygon at a point ^ of their length. 

283. Draw a regular octagon of 1 inch side, and in it inscribe a second 
regular octagon, having each of its angular points in the centre of each side of 
the first. Besolve the eight resulting isosceles triangles into one isosceles tri- 
angle containing the sum of their united areas. 

284. The distance between two places is 41 miles, and measures on a map 
1*8 inch. Construct a scale to suit the map and show 100 miles by it. By 
means of the diagonal method make it available for single miles. 

285. Draw any irregular six-sided figure you please, and a second and larger 
figure similar to it but having an area as 8 is to 5. 

286. Describe a circle of 2 inches radius, and divide it by the protractor into 
three sectors containing resi)ectively angles of 48^, 118% and 65^ at the centre. 
What is the angle of the remaining sector ? In each of the foiu* sectors inscribe 
a circle. 

287. Construct a square of 2*87 inches side, and in it inscribe an isosceles 
triangle having its base equal to 1*56 inch and its apex in one angle of the 
square. In this triangle and in each of the three triangles that are external to 
it place a circle. 

288. Find the mean and third proportionals to two lines 1*8 inch and 3*7 
inches long respectively. 

289. If 2 miles 3 furlongs are represented on a map by a line 4*37 inches 
long, how long a line would be the representative of 3 miles 2 furlongs ? 

290. Draw a circle of 1 inch radius, and 1*8 inch from its centre find a 
point X. How many circles of 3 inches diameter can be drawn to touch the 
given circle and pass through the given point X ? Draw them. 

291. With a radius of *83 inch describe a circle, and about it place nine 
equal circles each touching those adjacent and *4 inch from the original circle. 

292. Draw two circles in contact of 1 inch and 2*13 inches radius respectively. 
Draw a tangent common to them both, being careful to show clearly how the 
tangent points were found. 

D 
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293. Draw a scalene, ah isosceles, and an equilateral triangle, each contain- 
ing an area of 7*35 square inches. 

294. About a heptagon of 1 inch side construct a heptagon of 1*90 inch 
side, its sides being parallel to and equidistant from those of the first. 

295. Draw a regular pentagon having a line 1*3 inch long as one of it« 
sides. About this pentagon draw a cinquefoil of tangential arcs, their centres 
coinciding with the angles of the polygon. 

296. Out of a circular piece of wood of 3 inches diameter cut the largest 
possible rectangular piece, having one side 1*3 inch long. 

297. Draw a diagonal scale to measure tenths and hundredths, *7 being 
represented by a line 1:^ inch long. 

298. Describe three circles from a common centre. The first has a radius 
of 1 inch, the second circle is three times the area of the first, and the third 
seven times its area. 

299. Draw a ring of twelve equal circles, each touching those adjacent, and 
all in contact with the circumference of a circle of 2 inches radius. 

300. Construct a triangle having sides of 2*74, 2*45, and 2*83 inches, and a 
second equal in area to it on a base of 4*16 inches. 
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